Objective: To examine the association between compliance with hospital accreditation and length of stay (LOS) and acute readmission (AR). Design: A nationwide population-based follow-up study from November 2009 to December 2012. Setting: Public, non-psychiatric Danish hospitals. Participants: In-patients admitted with one of 80 diagnoses. Intervention: Accreditation by the first version of The Danish Healthcare Quality Programme. Using an on-site survey, surveyors assessed the level of compliance with the standards. The hospital was awarded either fully (n = 11) or partially accredited (n = 20). Main Outcome Measures: LOS including transfers between hospitals and all-cause AR within 30 days after discharge. The Cox Proportional Hazard regression was used to compute hazard ratios (HRs) adjusted for potential confounding factors and cluster effect at hospital level. Results: For analyses of LOS, 275 589 in-patients were included of whom 266 532 were discharged alive and included in the AR analyses. The mean LOS was 4.51 days (95% confidence interval (CI): 4.46-4.57) at fully and 4.54 days (95% CI: 4.50-4.57) at partially accredited hospitals, respectively. After adjusting for confounding factors, the adjusted HR for time to discharge was 1.07 (95% CI: 1.01-1.14). AR within 30 days after discharge was 13.70% (95% CI: 13.45-13.95) at fully and 12.72% (95% CI: 12.57-12.86) at partially accredited hospitals, respectively, corresponding to an adjusted HR of 1.01 (95% CI: 0.92-1.10). Conclusion: Admissions at fully accredited hospitals were associated with a shorter LOS compared with admissions at partially accredited hospitals, although the difference was modest. No difference was observed in AR within 30 days after discharge.
Introduction
During the last decade, hospitals have focussed on reducing LOS as it may reduce the risk of iatrogenic harm (e.g. hospital-acquired infections), reduce costs and be in accordance with patient preferences. Consequently, a shorter LOS is considered to be an indicator for hospital efficiency [1] . To achieve this goal, proactive planning of the patients' clinical pathway as well as active discharge planning needs to be in place. On the other hand, a focus solely on reducing LOS could lead to an increased risk of acute readmission (AR) as patients might be discharged before they have reached medical stability. AR is therefore often used as an indicator for hospital quality [2] .
One strategy, introduced to hospitals worldwide as a method of improving quality of care, is accreditation. Accreditation is based on an external review process in which trained surveyors evaluate the organization's compliance with pre-established standards by focussing on continuous improvements within the organization [3] . In general, accreditation programmes include standards aimed at supporting efficient treatment and coherent patient pathways in order to ensure that patients are admitted for the adequate amount of time and to avoid preventable readmissions. Although the intention behind accreditation is understandable and the method has been used for decades, data on the relation between accreditation and these patient-related outcomes are sparse [4] [5] [6] [7] . Existing studies investigating the link between accreditation of healthcare organizations and LOS and AR have shown diverging results as some are in favour of accreditation [8] [9] [10] and others not [11, 12] . The studies have focussed on specific conditions (e.g. stroke and heart failure) and have either compared accredited with non-accredited hospitals or compared the periods before and after the introduction of accreditation. So far, however, no studies have examined the association between the level of compliance with accreditation standards and LOS or AR.
Recently, we reported a lower risk of dying within 30 days after admission for in-patients admitted to hospitals fully compliant with accreditation standards compared with in-patients at partially compliant hospitals in a Danish nationwide population-based study [13] . To extend these findings, we examined the association between hospitals compliance with accreditation and LOS, and AR in this cohort of inpatients. We hypothesized that patients admitted at fully compliant hospitals may experience shorter LOS and have less AR compared with patients admitted at partially compliant hospitals.
Methods
We conducted a nationwide population-based follow-up study among in-patients admitted to public, non-psychiatric hospitals in Denmark. All of Denmark's 5.6 million citizens have free access to all public, taxfinanced hospitals. A unique central personal registry number is assigned to all citizens at birth or at immigration enabling accurate and unambiguous individual-level record linkage across all public registries [14] .
Accreditation of the Danish healthcare system
In 2009, the first version of the Danish Healthcare Quality Programme (DDKM; in Danish Den Danske Kvalitetsmodel) was launched with the vision (among others) to ensure continuous improvement of quality, create better and more coherent patient care and prevent errors and adverse events that cause death, lower quality of life, and lead to unintended use of resources [15, 16] . DDKM met the requirements of the International Society of Quality in Health Care for developing healthcare standards [17] .
Participation in DDKM was mandatory for all public Danish hospitals; thus, all hospitals were accredited by the first version between 2010 and 2012. The DDKM comprised of 104 standards, all addressing different scopes and incorporating the Plan-Do-Check-Act cycle. The standards were grouped into organizational, general patient pathway, or disease-specific standards (an English version is available at http://www.ikas.dk/IKAS/English/Accreditation-standards.aspx).
Compliance with the standards in the DDKM was measured by a team of surveyors during an on-site visit. The surveyors assessed compliance on a three-dimensional scale by means of interviewing staff, reviewing guidelines and, to a lesser extent, observing procedures and conducting tracers. Based on this on-site survey, the level of accreditation was awarded for the hospital as a whole by 'accredited', 'accredited with comments' or 'conditionally accredited' (first proceeding). A follow-up activity was offered to hospitals awarded 'accredited with comments' or 'conditionally accredited' in order to improve compliance. A return-visit by a reduced survey team would take place if a hospital's deficiencies predominantly related to the 'Do'-part of the Plan-Do-Check-Act cycle while hospitals with deficiencies mainly related to the 'Plan, Study or Act'-part were requested to submit additional documentation. A final level of accreditation was awarded based on the completion of the follow-up activity (final proceeding). In order to ensure public disclosure, survey reports were fully accessible including information on the level of accreditation and compliance with the standards (http://www.ikas.dk/Afgørelser/Sygehuse. aspx).
A total of 34 public, non-psychiatric hospitals were accredited by the first version of DDKM. Three hospitals were excluded from this study because they treated selected patient populations. Compliance with accreditation was defined in accordance with the first proceeding, where 11 of the 31 hospitals were 'accredited' and 20 were 'accredited with comments' hereby defined as fully accredited and partially accredited hospitals. Fully accredited hospitals had at most one standard that was partially or not met, whereas partially accredited hospitals had between 2 and 22 standards that were partially or not met. Of the 20 partially accredited hospitals, 11 hospitals had a return-visit while the remaining nine submitted additional documentation.
Since not all of the 104 standards were expected to have impact on LOS and AR, an expert panel with extensive knowledge on the DDKM and/or the Danish healthcare system was appointed to identify standards with a priori expected impact on LOS and AR. Each expert selected the standards he/she considered to have an impact on LOS and subsequently ranked them in accordance with importance. A standard was included for analysis in this study if (i) the standard was ranked as one of the 25 most important, (ii) at least 3 experts had selected the standard as important for LOS and (iii) at least 3 hospitals were partially or not compliant with the standard. We designated hospitals compliant to all selected standards as compliant and hospitals partially or not compliant to one or more standards as non-compliant. This method was repeated for AR.
Study population
We included in-patients admitted at one of the 31 included hospitals during a 12-month period calculated from first day of the on-site survey ± 6 months using the same inclusion criteria as in the previous study on 30-day mortality [13] . The inclusion period was considered appropriate as an enhanced effort to meet the accreditation requirements started approximately 6 months before the on-site survey and additional work to become fully compliant to the DDKM likely ended within 6 months after the on-site survey. Consequently, data were collected between 15 November 2009 and 13 December 2012. The Danish National Registry of Patients (DNRP) was used to identify all in-patients admitted in the hospitals' inclusion period [18] . The registry encompassed information on the dates of admission and discharge from all non-psychiatric hospitals, and information was submitted daily by the healthcare providers. Based on all admissions in 2008, we identified the primary diagnoses (n = 80), which accounted for 80% of all deaths occurring within 30 days after admission ( please see Ref. [13] for further description) [19] . Our study population was restricted to in-patients with one of these 80 diagnoses to reduce differences in the populations between hospitals included in order to facilitate comparison. Only in-patients with a valid civil registration number were included for further analyses.
Outcomes
Outcomes were LOS and AR within 30 days after discharge. LOS was calculated from the date of the in-patient's first admission in the study period (index date) to the date of discharge. In case of transferral to another hospital, the admissions were linked together and all days spent in hospitals were included in LOS. AR was defined as all-cause AR at any hospital within 30 days from the discharge date. Readmissions due to elective procedures performed were not included as an AR.
Covariates
Patient-related factors that may have a potential impact on LOS and AR were a priori selected as potential confounding factors [20] . These variables included age (<50, 50-64, 65-80 and >80 years), gender, primary diagnosis (in 11 categories for underlying diseases corresponding to ICD-10 chapters), type of admission (acute and elective), marital status (unmarried, married, divorced and widow; defined by the Danish Civil Registration System) and comorbidity (no, low and high). The Charlson comorbidity index was used to assess the severity of comorbidity [21] . All diagnoses, registered in DNRP on admission (since 1977) or outpatient contact (since 1995), prior to the time of inclusion in this study, were included in the calculations of a comorbidity score. The coding of the 19 Charlson conditions in the DNRP has previously been shown consistently high [22] . The index assigns between one and six points to a range of diseases, depending on their relation to mortality. If the patient's primary diagnosis was one of the index's 19 diseases, this diagnosis was excluded in the calculation of that patient's comorbidity score. On the basis of this method, a comorbidity score was computed for each patient and three categories were defined (no, low (1 or 2 comorbidities) and high (3 or more comorbidities)).
Of hospitals' characteristics, previous accreditation (yes/no), university affiliation (yes/no) and time of survey (before/after July 2011) were included as they potentially could act as confounding factors/effect modifiers of the association between compliance with accreditation and LOS, and AR.
Statistical analysis
Descriptive data for the in-patients' characteristics were presented as counts and percentage. In the analyses of LOS, the date of admission was the entry date and follow-up ended at the date of discharge or death, whichever came first. In-patients admitted and discharged the same day were included in the analyses with an LOS of half a day (0.5). LOS was presented as both median days including 5-95 percentiles and mean days with 95% confidence interval (CI). For AR, the date of discharge was the entry date and follow-up ended 30 days after discharge, date of AR or death, whichever came first. AR was presented as percentage with 95% CI.
In the primary analysis, LOS and AR were compared between inpatients admitted at fully accredited hospitals and partially accredited hospital. This analysis was repeated with partially accredited hospitals grouped according to the follow-up activity. In a set of supplementary analyses, in-patients were categorized according to the hospital's compliance with specific standards that had been identified a priori by an expert panel as likely to be of particular importance for LOS and AR, respectively. The analyses were performed both when including all of the identified standards combined and subsequently, with the standards included individually. All analyses were controlled for the six potential confounding factors. To account for the hierarchical nature of data in which in-patients at one hospital are more likely treated similar relative to in-patients at another hospital, we used robust standard error adjustment at hospital level (to minimize the risk of type-1 error). Sensitivity analysis was performed for LOS for inpatients with an LOS between 5 and 95 percentile and for AR for inpatients with a short LOS defined as shorter or equal to 2 days. In stratified analyses, we examined the role of the three hospitals' characteristics for both outcomes.
The association between compliance with accreditation and LOS, and AR was estimated as a hazard ratio (HR) including 95% confidence interval (95% CI) using Cox Proportional Hazard regression [23] . The proportional hazards assumption was checked visually for LOS and AR, by comparing the plots between in-patients admitted at fully and partially accredited hospitals, and by using the Schoenfeldtest and were not found invalid. All statistical tests used a two-sided significance level of 0.05 and were performed using STATA, version 12 (StataCorp., 2011. College Station, TX: StataCorp LP).
Results
Of the 276 980 in-patients identified, we excluded 1391 as they were admitted for a fixed 3 week's rehabilitation programme. Figure 1 illustrates the identification of the study population. All in-patient data were complete, except marital status with three observations registered as unknown.
The final study cohort for the analyses on LOS consisted of 275 589 in-patients of whom 75 127 (27.26%) were admitted at fully accredited hospitals and 200 462 (72.74%) at partially accredited hospitals. Baseline in-patient and hospital characteristics are presented in Table 1 . The mean LOS was 4.51 days (95% CI: 4.46-4.57) for in-patients at fully accredited hospitals and 4.54 days (95% CI: 4.50-4.57) for in-patients at partially accredited hospitals. When comparing in-patients admitted to fully with partially accredited hospitals, the difference in LOS increased after controlling for potential confounding factors (adjusted HR 1.07; 95% CI: 1.01-1.14), shown in Table 2 . When grouping admissions according to follow-up activity, in-patients admitted at hospitals requested to submit additional documentation were more likely to be discharged before in-patients at hospitals having a return-visit (submitting documentation: adjusted HR 1.12; 95% CI: 1.01-1.24). The estimates did not change substantially in the sensitivity analyses for in-patients with an LOS between 5 and 95 percentile (1-17 days) or when stratifying according to previous accreditation, university affiliation or time of on-site survey (data not shown). Four individual standards were identified by the expert panel as being of particular a priori relevance for LOS and included for analysis. Twenty-one hospitals were compliant to all four standards and designated as compliant (corresponding to all fully and 10 partially accredited hospitals in the first proceeding) and the remaining 10 as non-compliant (corresponding to 10 partially accredited hospitals). Similar pattern was observed for in-patients admitted to compliant hospitals compared with in-patients admitted to non-compliant hospitals (adjusted HR 1.10; 95% CI: 1.02-1.19). Compliance with the standards 'Documentation and monitoring of nosocomial infections' and 'observation and follow-up on critical observation results' was associated with a relatively shorter LOS than all four standards combined (Documentation and monitoring of nosocomial infections: adjusted HR 1.19; 95% CI: 1.07-1.32; critical observation results: adjusted HR 1.23; 95% CI: 1.07-1.41).
For the analyses of AR, the final study cohort consisted of 266 532 in-patients who were discharged alive (see Fig. 1 ) of whom 72 742 (27.29%) were admitted at fully accredited hospitals and 193 790 (72.71%) at partially accredited hospitals. Table 1 shows baseline characteristics. Of the 266 532 included in-patients, 34 610 (12.99%) were readmitted within 30 days after discharge. The AR rate for in-patients admitted at fully accredited hospitals was 13.70% (95% CI: 13.45-13.95) and for in-patients at partially accredited hospitals 12.72% (95% CI: 12.57-12.86). Table 3 presents all estimates for AR including crude and adjusted HR. No differences in AR rate were found comparing in-patients admitted to fully accredited hospitals with partially accredited hospitals (adjusted HR 1.01; 95% CI: 0.92-1.10) or when grouping admissions according to the required accreditation follow-up activity (adjusted HR 1.07; 95% CI: 0.96-1.19). The estimates did not change substantially when stratifying according to previous accreditation, university affiliation and time of on-site survey or when restricting to in-patients with a short LOS (data not shown). Three individual standards were included for analyses with the expected a prior anticipated high impact on AR. Here, 22 hospitals were compliant (corresponding to all fully and 11 partially accredited hospitals) and 9 non-compliant (corresponding to 9 partially accredited hospitals). When grouping in-patients according compliance to three standards, the primary findings were corroborated (adjusted HR 1.05; 95% CI: 0.97-1.14). Likewise, no differences were found looking at the standards individually.
Discussion
This is the first nationwide study to examine the association between compliance with accreditation and LOS, and AR. Our findings showed that in-patients admitted at fully accredited hospitals had shorter LOS and thus extend our previous finding that compliance with accreditation was associated with lower 30-day mortality. Notably, among the patients admitted at fully accredited hospitals, the shorter LOS was not followed by an increase in early ARs. The strength of the study was the nationwide population-based design with the prospective collection of comprehensive patient data. This combined with the un-fettered access to healthcare for all Danish citizens, and complete follow-up in the medical registries limits the risk of both selection and information bias. The restriction to the 80 primary diagnoses was applied to minimize the risk of confounding. The information on important patient characteristics allowed us to adjust for a range of potentially confounders, which strengthens the presented results. Adding to that, the fact that all hospitals were accredited by the same programme in a relatively short period of time (3 years) enables us to compare the level of accreditation and reduce concerns of internal generalizability.
The limitations included the uncertain accuracy of the DDKM accreditation data (i.e. the unknown inter-reliability of assessments made by surveyors and survey teams) [24, 25] . To address this concern, efforts were made by the accreditation body to check the survey findings for consistency to the rating principles applied before forwarding the report to the Accreditation Award Committee. This (4) 2774 (4) 6948 (4) 2579 (4) Neoplasms 17 157 (9) 2787 (4) 16 674 (9) 2647 (4) Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism 2743 (1) 1104 (1) 2693 (1) 1087 (1) Endocrine Categories of comorbidity were based on Charlson comorbidity index scores (no comorbidity = 0, low = 1 and 2 and high = ≥3). combined with the fact that the overall level of compliance was awarded based on all eligible standards any potential misclassification would most likely to be of a non-differential nature and bias the results towards the null. Furthermore, we cannot rule out the risk of residual or unmeasured confounding by the use of a non-randomized design, despite adjusting for a range of patient-related characteristics and stratifying for hospital-related characteristics. The DNRP does not obtain information on the severity of disease, which might prolong LOS and increase AR; thus, we were not able to adjust for this factor. In addition, our data did not include the specific time of admission and discharge (hour and minute), which could have provided more accurate information on LOS. Also geographical variation in re-admission patterns according to traditions and resources available in the primary care sector as well as variation in the registration of in-patient information among hospital staff must be considered as components for potential misclassification. However, any differences in the severity of disease, LOS by the hour, or variation in readmission patterns and data collection were expected to be equally distributed among inpatients at fully and partially accredited hospitals and therefore considered to be non-differential and most likely bias the association towards the null. The differences in the crude mean LOS between in-patients admitted at fully and partially accredited hospitals were negligible (fully: 4.51 days; partially: 4.54 days). After adjusting for potential confounding factors, however, the measure reached statistical significance and equalled a 7% decrease of the mean LOS. A difference of this size may have potential clinical and economic implications at population level if it reflects a true causal difference. However, the practical consequence at unit level is not answered by this study design and, thus, remains to be further clarified.
Although no previous study had examined the association between compliance with accreditation and LOS, and AR like ours, other studies have used designs of 'accredited vs non-accredited' or 'before vs after implementation' and looked at specific patient groups [8] [9] [10] [11] [12] . A shorter LOS was found in favour of accreditation in three of the four studies implying like our findings that implementation of accreditation standards is associated with shorter LOS. The findings regarding AR were inconsistent with either a higher risk (odds ratio 2.82; 95% CI: 1.46-25.44) or a lower risk of AR (P = 0.003), and combined with our neutral finding, the association between accreditation and AR remains unclear [8, 12] .
Our neutral finding on AR could be explained by the first version of DDKM mainly focussed on quality improvements within hospitals and not between hospitals or other collaborators. Still, the quality improvement process initiated was anticipated to transfer to other areas not included, but this seems not to be the case. Not without reason has AR been challenged as an accurate measure to qualify hospital performance as progress of disease, organization of the healthcare system and socioeconomic factors have been highlighted as factors increasing the patients risk of being acute readmitted -all factors beyond hospital influence [26, 27] . Thus, further research may profitably be restricted to clinical outcomes within hospital influence. Throughout the years, hospitals have invested substantial resources in the implementation of quality improvement programmes including accreditation in the effort to deliver high-quality patient care. Our findings support the hypothesis that compliance with accreditation was associated with shorter LOS, without an increase in AR. Difference in LOS does on the other hand not necessarily indicate that accreditations standards per se were responsible for the in-patients being discharged earlier at fully accredited than partially accredited hospitals [28] . Other concomitantly national initiatives have focussed on reducing LOS and the numbers of AR. In 2009, compulsory healthcare agreements were introduced between regions (hospitals owners) and the surrounding municipalities ( primary care owners) with the focus to ensure efficient transfers by addressing access and capacity of outpatient health services for discharged in-patients. Another national initiative introduced was continuous indicator monitoring and auditing through clinical quality databases covering major disease areas including stroke, heart failure, diabetes and hip fracture as a strategy to improve patient outcome. It is likely that these initiatives may have had a direct effect on lowering LOS, but since all hospitals, fully as well as partially accredited, were encompassed by these programmes any inherent variation was unlikely to explain the relative differences in LOS revealed. It seems more likely that the ability to implement such programmes effectively may also play a role when implementing accreditation standards in the organization.
Alternatively, high compliance with accreditation standards may just be a marker of high-performing hospitals delivering high quality of care including lower 30-day mortality risk and shorter LOS without an increase in AR. In this light, compliance with accreditation could in the future be used as a proxy for identifying hospitals delivering high quality of care, potentially. Before such use, however, further investigations on this relationship are needed to be able to draw a firm conclusion.
Conclusion
Admissions at hospitals fully accredited by the first version of the DDKM were associated with a significantly shorter LOS than admissions at partially accredited hospitals, although the difference was modest. There was no difference in all-cause AR within 30 days after discharge between admissions at fully and partially accredited hospitals.
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